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(54) Wireless local area network system 

(57) A wireless local area network system comprises 
a first transmitter/receiver arrangement (base station) 
(10) having a plurality of switchable directional antennae 
(11,12,13,14) orientated in different directions and ar- 
ranged to switch into circuit one of the antennae in whose 
footprint lies a second transmitter/receiver arrangement 
(user) (19.20). Because the antenna arrangement has 
gain relative to a single isotropic antenna, communica- 
tion between the base station and user can be effected 
at reduced transmitter power relative to an equivalent 
isotropic system. Positional information on the second 
and any further transmitter/receiver arrangements (us- 
ers) can be obtained by the base station either by trans- 
mission of GPS (Global Positioning by Satellite) or radio 
location data from user to base station, or by arranging 
for the base station to scan through all antennae until the 
relevant user is located. The antennae will normally pro- 
vide full azimuth coverage at uniform gain, or may be 
configured to give elevational coverage, or both. 
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Description 

The invention concerns a radio local area network 
having two or more transmitter/receiver arrangements. 

Radio, or wireless : local area networks have been 
developed for linking together users of the networks, 
which users may be mobile for instance, via a base sta- 
tion. 

The regulations governing the radio frequencies to 
be used for such networks limit the maximum transmitted 
power density to avoid interference between adjacent 
networks. For example, for the frequency band from 2.4 
to 2.5 GHz it is proposed to limit the maximum output 
power to 1 0OmW equivalent isotropically radiated power 
(EIRP). There is a demand for a system which allows a 
reduction in this transmitted power so as to increase cell 
isolation, reduce the power demands on the individual 
cell users and increase the number of simultaneous us- 
ers in the cell. 

In accordance with the invention, there is provided 
a radio local area network having a first transmitter/re- 
ceiver arrangement which comprises a plurality of 
switchable directional antennae orientated in different di- 
rections and positional information receiving means ar- 
ranged to switch one of the plurality of antennae into cir- 
cuit with a receiver or transmitter of the first transmit- 
ter/receiver arrangement in dependence on information 
received by the first transmitter/receiver arrangement 
concerning the position of said second transmitter/re- 
ceiver arrangement, the antennae having gain so as to 
allow a reduction in the transmit power of the first and/or 
second transmitter/receiver arrangement relative to the 
transmit power necessary in an equivalent radio local 
area network having a first transmitter/receiver arrange- 
ment employing a single isotropic antenna. 

By providing at least the base station with a number 
of switchable directional antennae, the transmission 
field, at least in one plane, may be divided up into a cor- 
responding number of segments each having an anten- 
na gain related to the directionality of the antennae, such 
that, in communicating with the base station, any user 
that would normally be required in a conventional net- 
work employing a single isotropiczz antenna. 

The first plurality of directional antennae may be ar- 
ranged to provide a substantially constant gain, in sub- 
stantially all directions in azimuth, greater than that of a 
single isotropic antenna. This has the advantage of pro- 
viding substantially uniform coverage oyer the whole of 
the transmission area. While the segments created by 
the directional antennae will normally be subdivisions of 
the azimuth plane of the transmission field, the antennae 
may be configured so that segments are created in ele- 
vation, rather than in azimuth, or in both elevation and 
azimuth. 

The positional information may be derived by the 
second transmitter/receiver arrangement by means of a 
Global-Positioning-by-Satellite system. Alternatively, the 
information may be derived by means of a radio location 



system, such as Decca or Loran. 

The positional information receiving means may 
comprise an omnidirectional antenna for the receiving of 
the positional information from the second transmitter/re- 

s ceiver arrangement, the omnidirectional antenna being 
switchably connected to the receiver of the first transmit- 
ter/receiver arrangement. Alternatively, the omnidirec- 
tional antenna may be connected to a further receiver in 
the positional information receiving means, the further 

to receiver and omnidirectional antenna co-operating with 
the second transmitter/receiver arrangement to form a 
low-power, narrow-band radio link for the transfer of po- 
sitional information. 

As an alternative to the use of an omnidirectional an- 

15 tenna. a second plurality of directional antennae may be 
employed as part of the positional information receiving 
means and connected all in parallel either to the main 
receiver via a switching arrangement or to a further re- 
ceiver in the positional information receiving means, as 

20 outlined above. In the latter case, the further receiver and 
the second plurality of directional antennae cooperate 
with the second transmitter/receiver arrangement to 
form a low-power, narrow-band radio link for the transfer 
of positional information. 

25 in an alternative method of deriving the positional 
information, the first transmitter/receiver arrangement 
may comprise scanning means arranged to execute a 
periodic scanning operation in which the first plurality of 
directional antennae are switched sequentially into cir- 

30 cuit until a signal from the second transmitter/receiver 
arrangement is picked up by one of the first plurality of 
antennae, upon which scanning ceases until a commu- 
nication session between the first and second transmit- 
ter/receiver arrangements has ended. 

35 The first transmitter/receiver arrangement may be 
arranged to switch more than one of the first plurality of 
directional antenna into circuit at the same time. This 
means that the network according to the invention is ca- 
pable of establishing more than one radio link at a time 

40 between the base station and the various users in the 
system, an advantage which springs directly from the di- 
rectional nature of the antenna arrangement employed. 

The first and/or second transmitter/receiver ar- 
rangement may be provided with range-determining 

45 means for detecting the strength of a received signal 
and, on the basis of the detected signal strength, adjust- 
ing the output power of the respective transmitter, such 
as to decrease the transmitter power at close ranges. 
Alternatively, the range-determining means may be ar- 

50 ranged to adjust the sensitivity of the respective receiver, 
such as to decrease the sensitivity at close ranges. 

The invention will now be described, by way of ex- 
ample only, with reference to the drawings, of which: 

55 Figure 1 is a simplified plan-view representation of 
a radio local area network according to the invention 
showing the subdivision of the azimuth plane of the 
transmission field into segments; 
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Figure 2 shows a network as in Figure 1. but with 
the transmission field subdivided in elevation, and 

Figure 3 shows a network as in Figures 1 and 2, but 
with the transmission field subdivided in both azi- 
muth and elevation. 

Referring now to Figure 1 : in Figure 1 a base station 
10 for a WLAN according to the invention is equipped 
with four directional antennae 11-14, which are coupled 
to the transmit/receive circuitry of the base station by 
means of respective switching arrangements 15-18. The 
antennae 11-14 are arranged around the base station at 
90° intervals. The antennae possess a gain of approxi- 
mately four over an equivalent single isotropic antenna 
and have a radiation pattern occupying one of the seg- 
ments shown. A number of satellite users exist in the net- 
work, of which only two ; 1 9 and 20, are shown. The users 
1 9. 20 are provided with equipment for deriving informa- 
tion regarding their position in terms of latitude and lon- 
gitude. This equipment may take the form of a GPS re- 
ceiver (Global Positioning by Satellite) or a radio location 
unit (e.g. Decca or Loran). The users 19 : 20 periodically 
transmit a short burst of position data to the base station 
10, thereby continually updating the base station as to 
their whereabouts. This information is stored in the base 
station and used, when it required to establish a commu- 
nication link with one of the users, to close the appropri- 
ate switch 1 5- 1 8 to switch in the antenna whose footprint 
(i.e. radiation pattern) contains the user concerned. 

Because of the directional nature of the antenna ar- 
rangement of Figure 1 , the maximum transmit power of 
the base station 10 is reduced from 100 mW (ETS 
300-328 specified maximum) to 25 mW. Likewise, the 
transmit power of the users 19, 20 is reduced from 100 
mW to 25 mW, the result being an increase in battery life 
in the users 19. 20 (which may, for example, be radio 
telephones in a motor vehicle), increased isolation with 
neighbouring cells, where these exist, and the ability of 
the base station to establish simultaneous contact at the 
same frequency with the users 19 and 20 which are lo- 
cated in different segments. 

The positional-information link between user and 
base station is established by the provision of a separate 
omnidirectional antenna 21 at the base station 10. This 
antenna 21 is switchably connected to the main receiving 
circuitry in the base station so that the station may be 
receiving either positional information from its various 
users or transmitting or receiving communication data to 
or from those users. Since this antenna is non-direction- 
al, the user is required to transmit the positional data at 
a higher power than the communication data, i.e. up to 
a maximum of 100 mW. 

In a second embodiment of the invention, the users 
1 9, 20 are not equipped with a GPS or radio location unit, 
but the base station is instead provided with a scanning 
means 22 which sequentially switches in the four anten- 
nae 11-14 in turn until a signal from, say, user 20 is de- 



tected from antenna 1 2. At that point, scanning stops and 
antenna 12 remains in circuit with the transmit/receive 
circuitry of the base station 10, allowing communication 
to proceed between user 20 and the base station 10. 

5 In a third embodiment of the invention, illustrated in 

Figure 2, the antennae are arranged to divide the trans- 
mission field into segments in elevation. Figure 2 is, then, 
a side view of the base station in a network which is suit- 
able for establishing communication links between air- 

10 craft. Two such aircraft, 31 , 32 are shown in two of four 
different segments set up by directional antennae 33-36. 
In this configuration, there are : as in Figure 1, four an- 
tennae 33-36, but these antennae are arranged to have 
greater directionality than the antennae 11-14 in Figure 

75 1 in order to avoid radiating power needlessly toward 
ground. 

In a fourth embodiment of the invention (see Figure 
3), the antennae are arranged to provide coverage in 
segments in both azimuth, as in Figure 1 : and in eleva- 
te tion, as in Figure 2. The antennae are, in this arrange- 
ment, configured as a hemispherical array (see Figure 
3A) consisting of a total of eighteen antennae. Figure 3B 
is a section through the plane of the paper and depicts 
six of the eighteen antennae subdividing the transmis- 

2$ sion space into six corresponding segments. For each 
of the three horizontal levels 41 , 42, 43 there are six an- 
tennae, of which only four are shown in Figure 3A. 

In a fifth embodiment of the invention, the network 
illustrated in any of Figures 1 . 2 or 3 is arranged to adjust 

30 transmission strength in both the base station and the 
individual users by taking into account the range of the 
users relative to the base station. 

In this embodiment, the base station and the individ- 
ual users each include a range-determining means (not 

35 shown) which detects the strength of a received signal 
and. where the signal is found to be strong, reduces the 
transmission power of the respective transmitter. This 
embodiment provides further savings in battery power 
and increased isolation between adjacent cells. As an 

•to alternative to reducing transmission power the sensitiv- 
ity of the respective receiver may be reduced. 

While the positional data link between base and user 
in the first embodiment of the invention has been de- 
scribed in terms of the provision of a separate omnidi- 

4 5 rectional antenna at the base station switchably coupled 
to the receiver system, there are alternative methods of 
establishing this link. One such method is to employ the 
same switchable coupling arrangement with the main re- 
ceiver of the base station, but to use a separate set of 

so parallel-connected directional antennae at the base sta- 
tion instead of the omnidirectional antenna. In this ar- 
rangement, all the positional antennae would be listening 
at once when the receiver circuitry was coupled to them, 
otherwise the main antennae would be in circuit. Alter- 

55 natively, a similar set of parallel-connected directional 
antennae could be employed, or else a single omnidirec- 
tional antenna as in the previous arrangement, but cou- 
pled to a completely separate radio system from the main 
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system. This would be a radio system operating at a low- 
er data rate and having a narrower band and lower power 
output than the main system. 

Clearly, where a set of directional antennae is em- 
ployed to receive the positional information instead of an 
omnidirectional antenna, the power demand on the user 
equipment is less : which, especially when used with the 
low-power radio option described above for the transmis- 
sion of positional information, results in an increased bat- 
tery life. 



Claims 

1. A radio local area network having a first transmit- 
ter/receiver arrangement which comprises a plural- 
ity of switchable directional antennae orientated in 
different directions and positional information 
receiving means arranged to switch one of the plu- 
rality of antennae into circuit with a receiver or trans- 
mitter of the first transmitter/receiver arrangement in 
dependence on information received by the first 
transmitter/receiver arrangement concerning the 
position of said second transmitter/receiver the 
antennae having gain so as to allow a reduction in 
the transmit power of the first and/or second trans- 
mitter/receiver arrangement relative to the transmit 
power necessary in an equivalent radio local area 
network having a first transmitter/receiver arrange- 
ment employing a single isotropic antenna. 

2. A radio local area network as claimed in Claim 1 , in 
which the first plurality of directional antennae are 
arranged to provide a substantially constant gain, in 
substantially all directions in azimuth. 

3. A radio local area network as claimed in Claim 1 or 
Claim 2, in which the first plurality of directional 
antennae are arranged to provide a substantially 



connected to the receiver of the first transmit- 
ter/receiver arrangement. 

7. A radio local area network as claimed in any one of 
s Claims 1 to 5, in which the positional information 

receiving means comprises a second plurality of 
directional antennae for the receiving of the posi- 
tional information from the second transmit- 
ter/receiver arrangement, the second plurality of 
10 directional antennae being connected in parallel and 
being switchably connected to the receiver of the 
first transmitter/receiver arrangement. 

8. A radio local area network as claimed in any one of 
is Claims 1 to 5, in which the positional information 

receiving means comprises an omnidirectional 
antenna for the receiving of the positional informa- 
tion from the second transmitter/receiver arrange- 
ment and a further receiver to which the omnidirec- 
20 tional antenna is connected, the further receiver and 
the omnidirectional antenna co-operating with the 
second transmitter/receiver arrangement to form a 
low-power, narrow-band radio link for the transfer of 
positional information. 

25 

9. A radio local area network as claimed in any one of 
Claims 1 to 5, in which the positional information 
receiving means comprises a second plurality of 
directional antennae for the receiving of the posi- 

30 tional information from the second transmit- 
ter/receiver arrangement and a further receiver, the 
second plurality of directional antennae being con- 
nected in parallel and to the further receiver the fur- 
ther receiver and the second plurality of directional 
35 antennae co-operating with the second transmit- 
ter/receiver arrangement to form a low-power, nar- 
row-band radio link for the transfer of positional infor- 
mation. 

10. A radio local area network having a first transmit- 
ter/receiver arrangement which comprises a plural- 
ity of directional antennae and scanning means 
arranged to execute a periodic scanning operation 
in which the plurality of directional antennae are 
switched sequentially into circuit until a signal from 
a second transmitter/receiver arrangement is picked 
up by one of the plurality of directional antennae, 
upon which scanning ceases until a communication 
session between the first and second transmit- 
ter/receiver arrangements has ended. 

11. A radio local area network as claimed in any one of 
the preceding claims, in which the first transmit- 
ter/receiver arrangement is arranged to switch more 
than one of the first plurality of directional antennae 
into circuit at the same time. 

12. A radio local area network as claimed in any one of 



constant gain, in substantially all directions in eleva- 40 
tion. 

4. A radio local area network as claimed in Claim 1 , in 
which the positional information is derived at the 
second transmitter/receiver arrangement by means is 
of a Global-Positioning-by-Satellite system. 

5. A.radio local area network as claimed in Claim 1 , in 
which the positional information is derived at the 
second transmitter/receiver arrangement by means so 
of a radio location system. 

6. A radio local area network as claimed in any one of 
Claims 1 to 5 f in which the positional information 
receiving means comprises an omnidirectional ss 
antenna for the receiving of the positional informa- 
tion from the second transmitter/receiver arrange- 
ment, the omnidirectional antenna being switchably 
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the preceding claims, in which the first and/or the 
second transmitter/receiver arrangement is pro- 
vided with a range-determining means for detecting 
the strength of a received signal and ; on the basis 
of the detected signal strength, adjusting the output s 
power of the respective transmitter such as to 
decrease the transmitter power at close ranges. 

13. A radio local area network as claimed in any one of 
Claims 1 to 11 : in which the first and/or the second 10 
transmitter/receiver arrangement is provided with a 
range-determining means for detecting the strength 

of a received signal and, on the basis of the detected 
signal strength, adjusting the sensitivity of the 
respective receiver, such as to decrease the sensi- is 
tivity at close ranges. 

14. A radio local area network substantially as herein- 
before described with reference to the accompaying 
drawings. 20 
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